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ABSTRACT
Rapid variability in the radio flux density of the BL Lac object PKSB1144−379 has been observed
at four frequencies, ranging from 1.5 to 15 GHz, with the VLA and the University of Tasmania’s
Ceduna antenna. Intrinsic and line of sight effects were examined as possible causes of this variability,
with interstellar scintillation best explaining the frequency dependence of the variability timescales
and modulation indices. This scintillation is consistent with a compact source 20–40 µas, or 0.15–
0.3 pc in size. The inferred brightness temperature for PKSB1144−379 (assuming that the observed
variations are due to scintillation) is 6.2 × 1012 K at 4.9 GHz, with approximately 10 percent of the
total flux in the scintillating component. We show that scintillation surveys aimed at identifying
variability timescales of days to weeks are an effective way to identify the AGN with the highest
brightness temperatures.
Subject headings: galaxies: active—scattering—ISM: structure
1. INTRODUCTION
The BL Lac object PKSB1144−379 (Nicolson et al.
1979) (11h47m01s.4, −38◦12′11′′ in J2000 coordinates),
located at z = 1.048 (Stickel et al. 1989) is known for
both its long and short-term flux density variability
at centimetre wavelengths. Some of the first observa-
tions of PKSB1144−379 showed variability at a fre-
quency of 5 GHz. The flux density increased from 0.9
Jy in 1970 December to 1.6 Jy in 1971 February and
again to 2.22 Jy in 1971 September (Shimmins & Bolton
1972; Bolton & Shimmins 1973; Gardner et al. 1975).
Between May and August 1994, the flux density of
PKSB1144−379 at 4.8 GHz dropped 17%, and 9% at
8.6 GHz (Kedziora-Chudczer et al. 2001b).
Long-term (months to years) variability is an indica-
tor of intrinsic variations in the source. For example,
VLBI imaging of PKSB1144−379 shows changes in the
extended jet-like components on milliarcsecond scales
over these timescales, in addition to variations in the
flux density of the quasar core (Ojha et al. 2010). This
potentially degrades the utility of this object as an inter-
national celestial reference frame (ICRF) defining source
(Ma et al. 2009).
Intraday variability in PKSB1144−379 was first iden-
tified by Kedziora-Chudczer et al. (2001a) and on this
basis it was included in the long term 6.7 GHz mon-
itoring which commenced 2003 April 3 using the Uni-
versity of Tasmania’s 30 m Ceduna antenna as part of
the Continuous Single-dish Monitoring of Intraday vari-
ability at Ceduna (COSMIC) project (McCulloch et al.
2005; Carter et al. 2009). Observations between 2003
and 2010 measured the mean 6.7 GHz flux density to
range from 0.8 to 3.2 Jy, with the largest amplitude vari-
ations occurring on timescales of hundreds of days (the
data from this longer term monitoring will be presented
as part of a future publication).
Quasars are known to exhibit short timescale
variability and in particular, intraday vari-
ability (Wagner & Witzel 1995). Sources
PKSB0405−385, PKSB1257−326, and J1819+3845
(Kedziora-Chudczer et al. 1997; Bignall et al. 2006;
Dennett-Thorpe & de Bruyn 2000) have been observed
to vary on timescales of less than 2 hours at centimeter
wavelengths. These variations can either be due to
intrinsic or line of sight effects. The assumption of rapid
intrinsic variability typically requires source brightness
temperatures well in excess of the inverse Compton limit
(∼ 1012 K), or unrealistically high Doppler beaming
factors (see for example Kedziora-Chudczer et al. 1997).
Extrinsic effects include jet precession (e.g.
Camenzind & Krockenberger 1992), gravitational
microlensing (e.g. Paczyn´ski 1986) and interstellar
scintillation (ISS) (e.g. Walker 1998). Of these, ISS
best fits the observed frequency dependence, annual
cycles and time-delay for the variations observed in
objects such as PKSB0405−385, PKSB1257−326,
and J1819+3845. Limited studies of the short
timescale variability of PKSB1144−379 exist. In
1999 May, Kedziora-Chudczer et al. (2001a) observed
PKSB1144−379 at four frequencies over a period
of six days. Intra day variability (IDV) in the flux
density on timescales of 3 to 4 days was observed
and Kedziora-Chudczer et al. suggested interstellar
scintillation as the likely cause. The MASIV survey of
443 compact radio sources demonstrated that where
variations on timescales of days are observed in AGN at
centimetre wavelengths, scintillation is the predominant
cause (Lovell et al. 2003, 2008).
Interstellar scintillation is the interference phenomenon
seen when radiation from a distant source passes through
the turbulent, ionised interstellar medium (ISM) of our
Galaxy. Interference arises due to small variations in the
medium’s refractive index for different paths through the
ISM. As this interstellar material moves with respect to
2the observer, intensity variations will be observed as a
function of time. Scintillation behaviour is characterised
as either strong or weak scattering. In weak scattering
only small phase changes are introduced by the ISM over
the first Fresnel zone. In strong scattering the wavefront
is rapidly varying on scales smaller than the first Fres-
nel zone. Two types of variability are expected in the
strong scattering regime, slow broadband variability due
to refractive scattering and fast narrowband variability
due to diffractive scattering. Unlike jet precession or mi-
crolensing, the measured ISS variability timescales are
expected to be frequency dependent (Walker 1998).
Observations of PKSB1144−379 during 2004 with the
Ceduna antenna at 6.7 GHz showed both the flux den-
sity and the amplitude of variability to be decreasing.
However, lower amplitude quasi-periodic variations with
a period in excess of a week persisted throughout this
“quiet” phase and the purpose of the observations pre-
sented here is to use multi-frequency radio data to deter-
mine the mechanism for these variations. In this paper,
we report 15 days of observations of PKSB1144−379 at
frequencies of 1.5, 4.9 and 15 GHz using the Very Large
Array (VLA), and 6.7 GHz observations using the Uni-
versity of Tasmania’s Ceduna antenna.
2. OBSERVATIONS AND DATA REDUCTION
The source PKSB1144−379 was observed over a 15
day period between 2005 January 10 and 2005 January
24 using the VLA. Observations were made at three fre-
quencies centered at 1.5, 4.9 and 15 GHz, each with a 50
MHz bandwidth. Primary flux density calibration was
obtained through observations of 1331+305 (3C286) for
each of the frequency bands. Daily observations were
made for each frequency for a duration of approximately
3 minutes for 1331+305 and approximately 10 minutes
for PKSB1144−379. These observations were conducted
during the reconfiguration of the VLA (from the A array
to the B array), and consequently on some days not all
antennas were available (typically no more than 2 or 3
antennas were missing from the array).
The data collected using the VLA was processed us-
ing the Astronomical Image Processing System (AIPS)1.
Standard VLA calibration and data reduction procedures
were used for each frequency and each day, with only
minor differences (e.g. changes to the averaging time for
self-calibration). Antennas or time ranges for which the
data were clearly erroneous were removed prior to cali-
bration. The data for PKSB1144−379 were calibrated
against 1331+305 for which the assumed flux densities
were 1.16, 0.87 and 0.54 Jy at the frequencies 1.5, 4.9
and 15 GHz respectively (Baars et al. 1977). The data
for PKSB1144−379 were then self-calibrated using an
initial model of a point source of peak intensity 1 Jy.
The resulting image was cleaned with clean boxes placed
around PKSB1144−379 and other visible sources within
the primary beam. This image was self-calibrated using
only phases, then cleaned, with this procedure repeated a
further time correcting both the amplitudes and phases.
The flux densities of all sources were measured from the
final image using the AIPS task SAD. Typical noise lev-
els in the final images were of the order of 1 mJy, and
this is taken as representative of the uncertainty in our
1 http://www.aips.nrao.edu/index.shtml
flux density measurements.
The University of Tasmania’s Ceduna antenna
in South Australia was also used to observe
PKSB1144−379 over a longer period as part of
the COSMIC project (McCulloch et al. 2005), with
observations commencing 2003 April 3 and still being
undertaken at the time of writing. Observations of
PKSB1144−379 were made on just over half the days in
this time range in contiguous blocks, typically ranging
from 5 to 15 days. The observing frequency band has
a center frequency of 6.7 GHz and a 500 MHz band-
width for each of two orthogonal circular polarizations.
Around 50 independent flux density measurements of
PKSB1144−379 are made each day as part of COSMIC
(see Carter et al. 2009). To improve the signal to
noise ratio here we present the daily mean flux density
measured with the Ceduna antenna. Data from the
Ceduna antenna were only available for 11 of the 15
days for which observations were made with the VLA.
3. RESULTS
The light curves of PKSB1144−379 observed with
both the VLA and the Ceduna antenna are plotted
in Figure 1. To assess the variability timescale we
used the approach of Lovell et al. (2008) to produce
structure functions for each frequency. The character-
istic timescale is defined to be the time for the struc-
ture function to reach half the value of its maximum
(Lovell et al. 2008). At both 4.9 and 6.7 GHz, a char-
acteristic timescale of between 1 and 1.5 days was esti-
mated. At 15 GHz there is evidence of two timescales
of approximately 0.4 and 2 days. A complete cycle was
not observed at 1.5 GHz in the 15 day sampling interval,
so conservatively, the characteristic timescale is greater
than 4.8 days. The peak-to-peak variability timescales
evident in Figure 1 are 2pi times greater than these char-
acteristic timescales. Due to the low number of data
points, we sought to validate these timescale estimates
by crudely fitting sinusoids to the data points. The esti-
mated peak-to-peak timescale for the 4.9 GHz frequency
is 7.7 days, and for the 6.7 GHz frequency it is 6.6 days.
Ordinary least-squares regression analysis2 yields R2 val-
ues of 0.76 and 0.83, respectively, for these fits. For the 15
GHz frequency, least-squares analysis shows a timescale
of 8.6 days (R2 = 0.57), and a weaker fit (R2 = 0.26) at
1.7 days. In Figure 3 we plot the resultant characteristic
timescales. These estimates are consistent with the char-
acteristic timescales estimated from the structure func-
tions. Peak-to-peak timescales of approximately 2 days
are below the Nyquist frequency with the daily sam-
pling regime. Observations of PKSB1144−379 taken in
1999 by Kedziora-Chudczer et al. (2001a) clearly show
a timescale at 8.6 GHz 3 – 4 times shorter than at 4.8
GHz. However, the source is likely to have undergone
significant intrinsic evolution since then, as evidenced by
the 4.8 GHz flux falling from 2 Jy mean in May 1999 to
1 Jy in January 2005.
The Discrete Correlation Function (Edelson & Krolik
1988) was used to determine if the light curves of any
2 In ordinary least-squares analysis, R2 value represents the pro-
portion of variability in the data that can be accounted for by a
given model. Values of R2 close to one thus represent a good fit, in
our case suggesting that the observed light curves can be approxi-
mated by sinusoidal functions.
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Figure 1. The 1.5, 4.9 and 15 GHz light curves (orange, black
and blue respectively) of PKSB1144−379 observed with the VLA
and the 6.7 GHz light curve (red) observed with the University
of Tasmania Ceduna antenna over the period MJD 53375 – 53400
(2005 January 5–30).
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Figure 2. The modulation index as a function of frequency. The
uncertainty in the modulation index m is estimated as σm =
0.9m(tchar/15 days)
1/2, where 15 days is the observing interval
(Stinebring et al. 2000). Also plotted is a one-parameter (fc) the-
oretical fit for the expected scintillation behaviour. The rising
part of each curve corresponds to point-like scintillation. The
falling part of each curve corresponds to quenched scintillation.
The coloured lines represent models where source size exceeds the
refractive scale at 4.9 (blue) and 6.7 (red) GHz. Solid lines are for
models where source size ∝ ν−1. Dashed lines are models where
source size is independent of frequency. Unquenched scintillation
at all frequencies (dotted line) clearly cannot explain the data.
of the observed frequencies are correlated. The correla-
tion between the 4.9 and 6.7 GHz observations is great-
est (∼ 1) for a time lag of between 0.5 and 1 days (4.9
GHz lagging 6.7 GHz). None of the other frequency pairs
showed a correlation coefficient above 0.6.
The modulation index, m, was calculated as m =
σ/〈S〉 with σ the standard deviation of the flux density
and 〈S〉 the mean flux density. The modulation indices
calculated from the observations for the 1.5, 4.9, 6.7 and
15 GHz frequencies are 0.014, 0.081, 0.080 and 0.059 re-
spectively. These are plotted in Figure 2. Since only a
fraction of a cycle is sampled over the 15 day observa-
tion period at 1.5 GHz, the derived modulation index
is a lower limit. Comparisons with the MASIV sample
(Lovell et al. 2008) show that the high 4.9 GHz modu-
lation index of PKSB1144-379 places it in the top 1–2
% (in terms of fractional variability) of bright (> 1 Jy)
quasars.
At 1.5 and 4.9 GHz, additional sources are visible
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Figure 3. Variability timescales as a function of frequency. Only
lower limits are available at 1.5 GHz; these are shown numerically
at the top of each curve. 15 GHz variability suggests two con-
tributing timescales. The smaller formal uncertainty at 6.7 GHz is
due a longer time series for Ceduna compared with the VLA data.
The break in model curves corresponds to a frequency above which
source size exceeds the refractive scale. Colours and line styles are
as in Figure 2.
within the primary beam of the VLA for the observa-
tions of PKSB1144−379. At both these frequencies, a
source was observed with declination and right ascen-
sion offset from PKSB1144−379 by 107 and -99 arcsec-
onds on the sky respectively, while a second source was
observed at only 1.5 GHz offset in right ascension and
declination by -201 and 189 arcseconds on the sky re-
spectively. These sources were found to have a constant
flux density (within the measurement uncertainty) over
the 15 day period of our observations. This, combined
with the close agreement between the pattern of the Ce-
duna 6.7 and VLA 4.9 GHz variations demonstrates that
the observed variability has not been produced by errors
in the calibration or data reduction process. Figure 2 of
Carter et al. (2009) shows that there are systematic vari-
ations in the Ceduna flux densities of around 0.15 Jy on
timescales less than a day. However, the close agreement
between the pattern of variations at 4.9 GHz from the
VLA and 6.7 GHz from Ceduna demonstrates that the
daily average flux densities produced from the Ceduna
30 m (which have been used here) are very reliable.
4. DISCUSSION
The observed variability timescales of approximately 7
days can potentially be explained by either line of sight
effects or intrinsic mechanisms. The former includes in-
terstellar scintillation, jet precession or microlensing, and
the latter rapid intrinsic variability.
4.1. Brightness temperature due to intrinsic variability
If the observed variability in the source is intrinsic,
then using causality to limit the linear scale we can infer
the brightness temperature of the source. Using Planck’s
law we can determine the brightness temperature TB
(in K) from the variation in flux density △S (in Jy),
the frequency ν (in GHz), the peak-to-peak variability
timescale τ (in days) and the angular diameter distance
DA (in Gpc)
4TB = 5.9×10
15
[
△S
1 Jy
] [ ν
GHz
]
−2
[
τ
100 days
]
−2 [
DA
1 Gpc
]2
K
(1)
For our 4.9 GHz VLA observations, the variation in
flux density is △S ∼ ±0.14 Jy and the variability
timescale is τ ∼ 7.7 days. PKSB1144−379 has a red-
shift of z = 1.048 and an angular diameter distance of
DA = 1.677 Gpc (using standard ΛCDM with H0 =
71km s−1Mpc−1 ; Ωm = 0.27 ; ΩΛ = 0.73). Thus the im-
plied brightness temperature is TB = 1.7×10
16 K. When
mapped into the rest frame of the source the brightness
temperature is reduced by a factor of D3(1+z)−3, under
the hypothesis of intrinsic variation. At high brightness
temperatures, TB > 10
12 K, energy losses of radiating
electrons due to inverse Compton scattering become ex-
tremely large, resulting in a rapid cooling of the sys-
tem and thereby bringing the brightness temperature
quickly below this value (Kellermann & Pauliny-Toth
1969; Readhead 1994). So assuming a source brightness
temperature of TB 6 10
12 K, a Doppler factor of D > 53
is required. This is a large Doppler factor. Although it
is in principle possible for the observed variations to be
intrinsic, as we show in § 4.3, the frequency dependence
does not favor an intrinsic interpretation.
4.2. Precession & microlensing
Quasi-periodic variation in the flux density can be
caused by jet precession close to the line of sight. Us-
ing the model of Camenzind & Krockenberger (1992) we
can replicate the characteristics of light curves observed
at 4.9 GHz for PKSB1144−379, namely the 7.7 day pe-
riod and 0.081 modulation index, with realistic parame-
ters for beaming angle, black hole mass and jet opening
angle. However, just like intrinsic variability, precession
is expected to produce light curves whose period is in-
dependent of frequency. This is clearly in disagreement
with our data (Figure 1). Thus, jet precession does not
provide a viable explanation for the observed variabil-
ity. Microlensing is ruled out on two counts, since it is
expected to be both achromatic and not quasi-periodic.
4.3. Scintillation
The Galactic coordinates of PKSB1144−379 are
289.24 degrees longitude and 22.95 degrees latitude. For
this line of sight, the transition frequency estimated by
the Cordes & Lazio (2001) model of the Galactic elec-
tron distribution is ν0 ∼ 14.4 GHz. Thus, all our ob-
serving frequencies are expected to be in the refractive
scattering regime (ν < ν0), with the exception of 15GHz
which is close to the transition frequency. We can use
our multi-frequency timescales and modulation indices
to infer physical characteristics of the source.
The refractive angular scale is given by
θr = θr0(ν/ν0)
−11/5 (2)
where θr0 = 2.3 µas at the Galactic coordinates of
interest (Walker 2001). For a point source, the fre-
quency dependence of the scintillation timescale is thus
tchar ∝ ν
−11/5. If the source size evolves with frequency
slower than ν−11/5, it is possible that at some ν > νcrit
the source size exceeds the refractive scale. At that point,
the scintillation is quenched, and the timescale will take
on the same frequency dependence as source size. There
are a number of possible models for source size evolu-
tion with frequency. Here we consider the limiting cases
θs ∝ ν
−1 (corresponding to a self-absorbed synchrotron
source), and θs =const. While in principle the flux den-
sity of the compact component (and, hence, the scintil-
lating fraction of total flux) may change with frequency,
we refrain from introducing this extra, highly uncertain
free parameter into our models.
Comparison of the 4.9 and 6.7 GHz timescales (Fig-
ure 3) places an upper limit on source size. These char-
acteristic timescales are (Walker 1998)
tchar =
{
tr0(ν0/ν)
11/5 if θs < θr
tr0(θs/θr0) = θs (Dscreen/Vscreen) if θs ≥ θr.
(3)
where tr0 is the light crossing time of the refractive scale
at the transition frequency ν0 = 14.4 GHz; and Dscreen
and Vscreen are the distance and transverse velocity of the
screen causing the scintillation.
From Equation 3, if the source still appears point-like
at 6.7 GHz (i.e. if θs(6.7) < θr(6.7)), we expect the
4.9 GHz scintillation timescale to be longer than the
6.7 GHz timescale by a factor of (6.7/4.9)11/5 = 2.0. This
does not appear to be consistent with the data (Figure 1).
Formal uncertainties on the characteristic timescales are
given by σt char = 2.2 tchar(tchar/15 days)
1/2, where 15
days is the observing interval (Stinebring et al. 2000).
This yields quite large formal uncertainties of 0.7 and
0.6 days for the 4.9 and 6.7 GHz timescales, respectively.
This is largely due to not sampling enough scintles over
the 15-day observing period. Using the available 6.7GHz
Ceduna data for an additional 70 days, the same tchar
is recovered, but with a much smaller uncertainty of
0.2 days. Furthermore, as reported in Section 2 we find
a strong correlation between the 6.7 and 4.9 GHz light
curves over the 15-day observing period. This makes our
timescales highly inconsistent with a ν−11/5 evolution
over the range 4.9 – 6.7 GHz. Thus, θs(6.7) ≥ θr(6.7).
The frequency evolution of the modulation index (Fig-
ure 2) provides a further constraint. This is given by
(Walker 1998)
mp =
{
fc(ν/ν0)
17/30 if θs < θr
fc(ν/ν0)
−2 (θs/θr0)
−7/6 if θs ≥ θr.
(4)
where fc is the fraction of total flux that scintillates; this
may in general be a function of frequency.
The observed modulation index (Figure 2) decreases
between 6.7 and 15 GHz. This is clearly inconsistent
with a ν17/30 evolution expected for a point source,
and provides further confirmation that we begin to see
source structure rather than the refractive scale at some
νcrit < 6.7GHz. By fitting a series (νcrit = 4.9, 6.7,
20GHz) of simple one-parameter curves (for scintillating
fraction fc), we find that models in which source size is
independent of frequency consistently underpredict the
modulation index at 15 GHz. The θs ∝ ν
−1 model pro-
vides a better fit to the data, requiring source size to
exceed the refractive scale at some νcrit > 4.9 GHz.
A final consistency check comes from our lower limit
on the 1.5GHz timescale, tchar > 4.8 days. Fitting a
5transition from ν−11/5 to ν−1 dependence at ν = 4.9GHz
through our timescale data yields a 1.5 GHz timescale of
20 days, well in excess of the expected lower limit of 4.8
days.
Knowledge of the transition frequency at which scin-
tillation becomes quenched allows us to estimate the size
of the scintillating core. Equation 2 gives the refrac-
tive scales at 4.9 and 6.7 GHz as 25 and 12µas re-
spectively. The discussion above suggests the scintil-
lation becomes quenched in this frequency range, and
we therefore estimate the source size (Gaussian FWHM)
as between 20 and 41µas at these frequencies3. This
is approximately a factor of 10 – 100 smaller than
the implied angular size for rapidly scintillating sources
such as PKSB1257−326 and J1819+3845 (Bignall et al.
2006; Dennett-Thorpe & de Bruyn 2003). Interestingly,
in 1999 Kedziora-Chudczer et al. (2001a) found that the
scintillation timescale changed by a factor of 3 – 4 be-
tween 8.6 and 4.8GHz, exactly as expected for a point
source (Equation 3). This implies a source angular size
less than 12µas, and suggests significant source evo-
lution between the May 1999 epoch and our observa-
tions in January 2005. The long-term COSMIC data
(Carter et al. 2009) indeed show a significant monotonic
rise in flux density for the source, beginning some 5 – 6
months before our epoch of observations. This is sug-
gestive of a new outburst, with a µas jet component ex-
pected to move away from the compact core over time.
At a redshift of 1.048, the angular diameter distance is
1.65 Gpc, and a source size of 20µas corresponds to a
physical size of 0.15 pc. Expansion at 0.6c is required for
such a source evolution. Thus, it is a plausible scenario.
The distance to the phase screen is
Dscreen =
c
2piθr0
2ν0
(5)
Using the Cordes & Lazio (2001) model, we get
Dscreen = 0.86kpc. This is a factor of 100 more dis-
tant than the screen distances typically inferred from
time delay and annual cycle fitting for the rapidly scintil-
lating sources. For unquenched scintillation, the trans-
verse speed of the phase screen relative to the line of
sight to the source is related to this distance, the angular
scale of the source θs and the corresponding characteris-
tic timescale tchar by
Vscreen = Dscreen(θs/tchar) = Dscreen(θr0/tr0) (6)
As discussed above, we observe unquenched scintil-
lation at 4.9GHz (θs(4.9) = 25µas) with a timescale
tchar(4.9) = 1.2 days. This yields a transverse speed
of the phase screen is Vscreen = 30 km s
−1. As a fi-
nal sanity check, we also know that the scintillation is
quenched at 6.7 GHz, and so the screen velocity must
exceed Dscreenθs(6.7)/tchar(6.7) = 18 kms
−1.
We can also use the source size inferred from scin-
tillation to estimate the brightness temperature of the
3 A factor of 2
√
ln 2 between refractive scale and source size
comes about because observationally the source size is typically
defined in terms of the Full Width at Half Maximum (FWHM) of
a Gaussian intensity profile fitted to the source; while the angular
scales (e.g. θr, θs etc) used in the scintillation literature are the
standard deviation of the fitted Gaussian (Narayan 1992).
most compact emission. Using the approach outlined
in Walker (1998) we find that at a frequency of 4.9
GHz the implied angular size of the scintillating com-
ponent (41µas) corresponds to a brightness temperature
of 6.2×1012 K, a factor of 2500 less than that implied by
an intrinsic interpretation of the variability. At a redshift
of 1.048 a modest (Hovatta et al. 2009) Doppler factor of
3.8 is required to reduce the brightness temperature in
the source frame to beneath the inverse Compton limit.
It is also worth noting that the inferred angular size of
the region containing the varying flux density if we as-
sume the variations are intrinsic is < 1 µas, and hence
we would expect to see scintillation from this source in
addition to any intrinsic changes.
5. CONCLUSIONS
Scintillation has been conclusively identified as the
cause of short timescale variability at radio frequen-
cies in a number of sources. Some of these (e.g.
PKSB1257−326 and J1819+3845) show variability with
characteristic timescales as short as a few hours, but
sources with longer timescales such as PKSB1519−273
and PKSB1622−253 (e.g. Carter et al. 2009) are much
more common (Lovell et al. 2008). PKSB1144−379
is a member of a small class of extreme scintillators
which are strong (> 1 Jy), have high modulation in-
dex (m > 0.05) and vary on timescales longer than a
day. Such sources can be monitored with single-dish ra-
dio telescopes (as has been demonstrated by Carter et al.
2009). That short-timescale scintillators are much rarer
than longer-timescale ones implies that suitable nearby
screens (within a few 10’s of pc) are relatively rare, since
if such a screen is present the requirements for a back-
ground source to scintillate should be met by a large
fraction of AGN. We thus expect a large number of more
distant screens (the Cordes & Lazio (2001) model pre-
dicts screen distances of 0.5 – 3 kpc), but these will pro-
duced high modulation index scintillation (i.e. not heav-
ily quenched) only for the most compact AGN. So when
seeking the most compact AGN either to test physical
models, or as targets for space Very Long Baseline Inter-
ferometry missions, those sources with high modulation
indices and the longest scintillation timescales would ap-
pear to be the best targets.
The 1.2 day characteristic timescale (corresponding to
a peak-to-peak period of 7.7 days) and high modula-
tion index observed in PKSB1144−379 make it one of
the most extreme bright scintillators identified to date.
However, there are likely to be other sources with still
longer timescales yet to be identified. The high-cadence,
long timescale monitoring of AGN being undertaken
by the COSMIC project is ideally suited to identifying
such sources, and other rare but brief phenomena such
as extreme-scattering events (e.g. Senkbeil et al. 2008).
Our detection of a distant (∼ 0.86 kpc, according to the
Cordes & Lazio model) screen was only possible due to
our 15 day monitoring campaign. It is entirely possible
that such screens are ubiquitous, and simply not picked
up in the short term (2 to 3 days) intensive, or longer
term low-cadence observing campaigns which are more
commonly undertaken.
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